We describeconditionsfor determining carboxypeptidase N (EC 3.4.17.3) activity by liquid chromatography. Serum (10 L) is mixed with the artificial substrates hippuryl-L-arginine (30mmol/L)andhippuryl-L-lysine (100mmol/L)in 50 mmol/L 4-(2-hydroxyethyl)-1 -piperazineethanesulfonic acid (HEPES) buffersolutionat pH 8.2 and 7.8, respectively. The hippuric acid productis separatedfrom the substrate in less than 2 mm by reversed-phase'high-performance"liquid chromatography and measured spectrophotometrically. 0-Methyl hippuricacid is used as internalstandard.By this method, optimizedfor activity and sensitivityof detection,carboxypeptidase N activities are 60-fold greater than those by anotherprocedure (J Chromatogr 266:173-177, 1983).The mean value for 80 normal control subjects was 74.8 (SD 10.3)nmolof hippuricacidreleasedpermilliliterof serumper minute for hippuryl-L-argininesubstrate, 378 (SD 55) for hippuryl-L-lysine substrate.The sensitivityand precisionof the method make it suitablebothfor routineclinicaldeterminationsand as a referenceprocedure. 
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Materials and Methods

Materials
Instruments:
We used an FK2 water bath (Haake, Berlin, F.R.G.) for incubations (37.0 ± 0.1 #{176}C). To add serum samples and reagents, we used a "Dilutrend" pipettordilutor (Boehringer, Mannheim, F.R.G.). The hippuric acid 
Results
Enzymic assay: CN, and CN2 liberate hippuric acid from the synthetic dipeptides Hip-Arg and Hip-Lys, respectively.
Typical chromatograms are shown in Figure 1 . Hippuric acid and the internal standard are separated by virtue of the low acetonitrile content of the mobile phase. Little substrate is extracted with the procedure described, and the low pH of the mobile phase prevents it from co-eluting with the hippuric acid and the internal standard.
Elution of the components takes less than 2 miii. The column efficiency had not declined after more than 1000 injections.
We investigated the pH dependence of CN1 and CN2 activity, using HEPES, 50 mmol/L, as buffer solution. CN1
showed a pH optimum between 8.0 and 8.2, whereas CN2 yielded highest enzyme activities at pH 7.8 ( Figure ) . In subsequent enzyme assays, we therefore used pH 8.2 for CN1 and pH 7.8 for CN2 (pH was determined at room temperature).
We studied the effect of the buffer composition on the enzyme activities of both CN1 and CN2, using several buffer Because some authors use sodium chloride in their determinations of carboxypeptidase N activities (6, 9, 10), we studied the effect of this halide ion, in different concentrations, on CN1 and CN2 activities in a ima'zs 50 mmol/L buffer solution at pH 8.2 and 7.8. Both for CN1 and CN2, activity decreased with increasing sodium chloride concentration (Figure 3) . Therefore, no NaC1 was used in subsequent assays.
Linearity:
The relative low substrate concentration assures linearity. For a serum with normal CN1 activity, only 2 to 3% of the substrate (Hip-Arg) is hydrolyzed in 2 h; for CN2, the higher enzymatic activity is compensated by using higher substrate concentrations.
Results for CN activities vs Table 1 shows results of within-day and between-day precision studies for sera with low, normal, and above-normal activity. We evaluated the precision of the liquid-chromatography system by injecting aliquots of the same extract 10 times. 
Accuracy:
Accuracy could not be determined because a standard reference method is not available. However, we compared the results by our technique, using Hip-Lys (x), and those obtained with the method of Plummer and Kirnmel (y) (10) for 80 sera. Correlation by least-squares linear regression analysis was very good (y = 2.53x + 160; r = 0.93).
Discussion
Few methods are available for determination of carboxypeptidase N activities. In most of them the synthetic substrates Hip-Arg or Hip-Lys are used, either by following the released hippuric acid with an ultraviolet-recording spectrophotometer (12) or by measuring the liberated hippuric acid spectrophotometrically after an extraction procedure (6). CN2 activities have been determined by measuring the decrease in absorbance at 336 nm, using 3-(2-phenylacryloyl)-i.-alanyl-r.Aysine as the substrate (10). Recently, an assay of human plasma carboxypeptidase N by "highperformance" liquid chromatographic separation of the hippuric acid and its substrate was described (9). These authors used Hip-Lys (only) as a substrate, the buffer solution contained sodium chloride, and no internal standard procedure was used. Activities of CN2 found by these authors were in the range of 6 moIJmin per liter of plasma (6 U/L), whereas in our assay we obtained 60-fold greater activities. The better performance of our method is probably due to the carefully chosen conditions of substrate concentration and buffer solution and the omission of NaC1. The short separation time for the hippuric acid and its substrate (less than 2 miii) also favors our proposed procedure. The spectrophotometric assay introduced by Schweisfurth et al. (6) , who measured CN1 and CN2 activities in serum with the same substrates we used in our study, detected enzyme activities in normal individuals that were only half as great as the values we obtained. This is very probably ascribable to the buffer composition; a potassium phosphate buffer, 0.5 mol/L, was used by these authors. We observed a marked decrease in activity, both for CN1 and CN2, directly related to the concentration of the potassium phosphate in the buffer solution.
Because carboxypeptidase N is a major enzyme in the inactivation of bradykinin and other blood-borne peptides, changes in its activity in the blood may be important in various pathological conditions (5, 12, 13) . Low activities of carboxypeptidase N in serum were found in cirrhosis of the liver (14), in cystic fibrosis (5) , in hereditary angioedema (15) , and in hyperbradykinism or familial orthostatic hypotension (16). Increased carboxypeptidase N activities were reported in pregnancy (12), in patients with sarcoidosis (17) , and in malignancies such as lung cancer (6) and Hodgkin's disease (13).
